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When a serum is exposed to the air, the surface energy of its free 
surface decreases progressively,  according  to  a  certain  law,  until 
after about 10 minutes a state of equilibrium is attained.  The pur- 
pose of this paper is to report a study of this phenomenon, which has 
been overlooked so far on account of lack of proper apparatus for 
measuring surface tension. 
The existence of a film at the surface of protein solutions has been 
discussed by Ramsden.  1  He pointed out the formation of semisolid 
or highly viscous films,  and merely noted that "the matter which 
accumulates [in the surface layer] possesses the property of lowering 
the  surface  tension  of  the  free surface of  water,  m 
The technique which he used did not allow him to proceed further in 
that line, and he neither observed nor measured any lowering in the 
surface tension of the serum itself, not did he notice the variations 
of the surface tension of water plus serum in function of the time. 
There is no doubt but that the existence of a more concentrated layer 
at the free surface or at all interfaces plays an important part in most 
biological phenomena.  Whether this "film" is solid  or liquid with 
simply higher viscosity will be discussed later.  In order to prevent 
any misunderstanding, the word film will only be used to define a 
liquid film;  the term "membrane" will be used with reference to a 
solid film. 
I. 
EXPERIMENTAL. 
Over  3,000  measurements of  surface  tension  were  made.  The 
instrument  used  was the  tensiometer, previously described.  2  The 
x Ramsden, W., Proc. Roy. Soc. London, 1904, lxxii, 15fi. 
2 du Noiiy, P. L., J. Gon. Pkysiol.,  1918-19, i, 521. 
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use of this apparatus is based upon the adhesion of a platinum ring 
to the surface of the liquid, and the stress  necessary to  tear  off the 
film is measured by the torsion of a steel wire.  A measurement with 
this  instrument  requires  approximately  only  20  seconds,  and  the 
instrument  always  measures  the  tension  of  the  same  layer  of 
Uquid. 
The ring method was adopted, after much experimenting, as the 
only reliable one for colloidal solutions, as well as the simplest, quick- 
est, and most accurate.  This opinion is now shared by a large number 
of  physicists,  and  particularly  by  Ferguson,  who  reported  about 
twenty different techniques for measuring surface tension.  8 
The tensiomete# was used with an accurately calibrated platinum- 
iridium ring (circumference 4.00 an.), and is reliable to  4- 0.1  dyne. 
We believe that any data giving the second and third decimals are 
useless in general because, so far, none of the twenty odd methods in 
existence check each other, some differing by more than 5 dynes for 
the same substance at the same temperature, and because no theoret- 
ical reasons  exist yet for adopting a standard value of surface tension 
for any substance. 
All measurements were made between 23  °  and  25°C.,  room  and 
liquid temperature.  All glasses, containers, and pipettes were boiled 
in cleaning solution (sulfuric acid and sodium dichromate), then rinsed 
in  distilled  water,  and  dried.  The  free surface of  the  liquid  was 
always 10  sq.  an.  with a  tolerance of  +  0.5  sq.  an.  The elapsed 
time between the pouring of the liquid  and  the measurement was 
very nearly constant, and equalled 15 seconds.  The ring was washed 
in distilled water and flamed after every measurement.  The same 
precautions were taken in collecting and preparing the serum.  Only 
dean  glass  was  used.  No  alcohol  or  ether  was  ever  employed. 
When it  occasionally happened  that  the  edge of a  tube  had  been 
touched with  the fingers, a marked difference was  observed in  the 
readings. 
The results are shown in Table I. 
Text-figs.  1 and  2  show more clearly the progressive decrease of 
the surface tension.  It is quite remarkable that in 2 minutes the drop 
can be of such amplitude as 2 dynes.  In the three cases shown in 
3 Ferguson, A., Science Progr. 20th Cent., 1914-15, ix, 428. 
4 Made by the Central Scientific Co. of Chicago. P.  LECOMTE  DU  NOUY  577 
Table I, the drop was very nearly  2.1  dynes.  In  20  minutes,  the 
surface tension was decreased by 4.1  and 3.3  dynes for the old dogs, 
and by 5.6 dynes for the very young dog.  All three  reached  their 
equilibrium at about the same value. 
If the serum is stirred at the end of the experiment, that is, when the 
surface tension seems to have attained a stable value, the homogeneity 
of the serum is momentarily reestablished, the surface tension rises 
TABLE  I. 
Serum 1020 (Dog 12 Yrs. Old) (Text-Fig. 1). 
Temperature 25°C. 
Time.  ~  2 m.*  6 m.  12 m.  20 m.  30 ra. 
Surface tension, dynes  ....................  59.6  55.5 
Serum 1022 (Dog 1 Yr. Old) (Text-Fig. 1). 
Temperature 23°C. 
Time.  0  2 m.  6 m.  16 m.  25 m.  40 m. 
Surface tension, dynes  ....................  ~  ~  ~  ~  ~  55.6 
Serum 1019 (Dog 12 Yrs. Old) (Text-Fig. 1). 
Temperature 23°C. 
Time.  0  2m.  4m.  8m.  [  10m.  20m.  25m.  30m.  40m. 
Surfacetension, dynes. 78.7  --~--6.5 --5----6.0  75.5  75.4  --5---5.4 75.5  55.6 
* In Tables I to X, the abbreviations h., m., and s. are used for hours, minutes, 
and seconds. 
5~ 
Time 0  2  4  6  6  I0  12  14  20  25  30  35  40rain. 
Observed curve. 
.....  Calculated curve. 
TEXT-FIG. 1.  Modification of the surface tension of serum in function of the 
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immediately, and the liquid recovers its property of forming another 
film.  However,  something  is  changed;  the  surface  tension imme- 
diately after stirring does not reach its original value, and generally 
does not drop as much or as rapidly (Table II and Text-fig. 3).  Text- 
fig. 4 shows plainly the change in the amplitude and in the rate of the 
phenomenon; the slope of the third curve (after 24 hours) is decidedly 
d~ 
less marked;  ~  decreases progressively. 
TABLE  II. 
Serum 1027 (Dog 8 Yrs. Old). 
Temperature 24°C. 
Time.  .  0  2 m.  4 m.  8 m.  13 m.  23 m.  33 m.  4 h 
S.~ace ~nsion,  ~.es ....... ~  ~  ~  ~  ~  ~  ~  563 
Same serum stirred after 4 hrs., 59.0 dynes. 
Serum 1028 (Dog 10 Yrs. Old) (Text-Figs. 3 and 4). 
Temperature 24°C. 
Time  IOl m  7 [17ml27o  37m 
Surface tension, dynes ....................  [  59.3  1  5--~.1  56.01 s-~-.7155.7 55.7 
Same serum stirred with a glass rod a few times, after 30 rain., 59.0 dynes. 
Tim.__  I__012m__  I  ,m-- 9m__ 14m   0m__  2h__ ,h__ L  24b 
Surface ten- 
Same serum stirred again, after 24 hrs., 58.2 dynes. 
Time.  0  2 In.  4 m.  8 m.  20 m.  30 m. 
~urfacetension,  dyhes.  58.2  57.6  57.3  57.0  56.9  56.9 
The  results  were  comparable  in  experiments  on  chicken  serum 
(Table III). 
An interesting  fact,  which may be  considered as  a  good control, 
is that these two sera taken from similar chickens and showing at the 
beginning a  difference of only 0.2  dyne in their surface tension have 
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TABLE  Ill. 
Serum 1053 (Ch~ken). 
Temperature 25°C.  Oct.  11, 1921. 
Time.  0  2 m.  4 m.  6 m.  11 m.  16 m.  26 m.  41 m.  56 m. 
;urfacetension, dynes.  62.0  61.2  61.0  61.0  50.7  60.0  58.0  57.0  57.0 
Temperature 25°C.  Oct.  12, 1921. 
Time.  20 h.  Stirred.  24 h. 
Surface tension, dynes ..............................  ~  .........  54.0  57.5  53.0 
Temperature 25°C.  Oct.  13, 1921. 
Time__  44  h--]  Stirred__  47  h__ 
Surface tension, dynes  .................................  I  53.2]1  53.2  I  53.6 
$0 h. 
53.6 
Serum 1054 (Chicken). 
Temperature 25°C. 
lh.  16h.  Time.  0  8 m.  6 m.  11 m.  20 m.  35 m.  35 m. 
Suffacetension,  dynes...  62.1  61.5  61.2  60.2  50.0  59.5  58.0  54.2 
Serum stirred after 16 hrs., 58.0 dynes. 
Time.  0  2 m.  12 m.  22 m.  38 m.  10 m.  40 m.  55 m.  6  .  7 h. 
Surface ten- 
sion, dynes..]  58.0[  58.0157.1[  56.9J  56.0[  55.0[  54.6[  53.2  [  54.6[  54.6 
Total  time  elapsed,  24  hrs.  On  Oct.  13,  1921,  after  40  hrs.,  53.0  dynes. 
Stirred, 57.0 dynes. 
m 
Time.  [0  3 h.  5 h. 
Surface tension, dynes .......................................  53.9 P. LECOMTE  DU NO~'M  581 
being reactivated by stirring more than once.  At the end of about 
20 hours, the first was 54.0, and the second 54.2; at the end of 24 hours 
(after stirring), 53.0 and 53.2; at the end of 50 hours, 53.6 and 53.9, 
the difference here having become 0.3. 
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TEXT-FIG.  5, a  to e.  (a to d)  Effect of stirring on the surface tension of serum. 
(e)  Behavior  of  a  control  sample of  the  same  serum,  left  unstirred  during  the 
2  days,  and  stirred  on  Oct.  23,  at  4  p.m.,  for  the  first  time (precipitate at the 
bottom).  Original value on Oct.  21,  56,5  dynes. 
The rise in surface tension which follows  the redissolution of the 
liquid surface layer by stirring is a general phenomenon with all clear, 
fresh sera.  The progressive  decrease in the activity,  which can be 
compared graphically to a damping effect, seems constant also (Text- 
fig. 5, a to e).  But it often happens that after 24 hours the property 582  SURFACE  TENSION  OF  SERUM.  I 
TABLE  IV. 
Serum 111 (Rabbit). 
Temperature  23°C. 
Time.  0  2 m.  15 m.  25 m.  55 m.  1 h.  35 m. 
Surface tension, dynVs..7 .................  ~  ~  ~  ~  ~  54.6 
Serum stirred after 1 hr. and 35 rain., 56.9 dynes. 
Time.  0  2 m.  6 m.  11 m.  26 m.  44 m. 
t 
Surface tension, dynes.  56.9  56.1  55.5  ] 54.6  55.0  54.7 
After 2 hrs. and 20 rain., the surface tension was 54.7 dynes.  The next morning, 
after 18 hrs. and 20 min., it was 53.6 dynes.  Stirred, it rose to 55.1 dynes. 
Time.  I h.  2 h.  2 h.  0  2m.  10m.  15m.  15m.  20m. 
Surface tension, dynes  ....................  I  s-~-11 s-~-o I  s-~-o I  55.o 
Serum  stirred  at  beginning of experiment,  55.1  dynes. 
and 20 rain., 55.0 dynes. 
Serum 1060 (Dog). 
Temperature  23°C. 
Stirred  after  2  hrs. 
I  JII 
Time.  0  2 m.  6 m.  13 m.  23 m.  38 m.  ~h:  3 h.  15 m. 
Surfacet--e---nsion,  dvnes.]5-5--;--.3.3.3[  57.5  [ 56.8  ] 56.0  [ 55.5  [ 55.4[  56.0[  56.0[  36.0 
Serum stirred after 3 hrs. and 15 rain., 58.0 dynes. 
Time.  0  2m.  5m.  10m.  [  40m. 
Su,'facetension,  dy.es ...........................  t  5, 0 
lb.  Time.  O  2 m.  6 m.  14 m.  19 m.  50 m.  20 m. 
Surfacetension, dynes  ..............  156.2155.6155.6155.6155.6155.6156.0 
After  18 hrs.  the surface tension was 54.2  dynes; stirred,  56.0 dynes; stirred 
again after  19 hrs. and 20 min., 56.0 dynes. P.  LECOMTE  DU  NO~  583 
is  completely lost.  The serum is inactivated from this standpoint 
and its surface tension remains constant (Table IV).  As will be ob- 
served, the decrease still continued after the 4th hour, and over night 
it dropped from 56  to 54.2  dynes.  At the end of the experiment, 
the serum became too viscous and had to be discarded. 
Action  of  Heat. 
Time is not the only factor which inhibits this activity of the serum. 
Heat acts in the same way; it may not act definitively by destroying 
TABLE  V. 
Serum 1020 (Dog; Clear, Viscous). 
Temperature 25°C.  Heated  for 20 Hrs. at 55°C. 
Time.  0  2 m.  8m.  18 m.  33 m. 
...........................  b l l l l"' 
Serum 1021 (Dog; Cloudy). 
Temperature 24°C.  Heated  for 20 Hrs. at 55°C. 
Time,  0  2m.  Sin.  ]  llm.  I  2Ore. 
Serum lOZ2, Control (Dog; Clear). 
Temperature 24°C.  Unheated. 
Time.  0  3m.  6m.  ]  llm.  17m.  31m. 
~7  \  .~.  \ 
I  • 
Tt~'~0  2  4  6  B  10  20  30rain. 
0  2  4  6  B  I0  12  14rain. 
0  £  4  6  8  10rain. 
TExT-FIG. 5.  Action of heat on the surface tension of serum. 584  SURFACE  TENSION  OF  SERUM.  I 
the substance, but the behavior of the serum is modified profoundly 
at the start, as will be seen in Table V. 
TABLE  VI. 
Serum 1057 (Dog; Clear) (Text-Fig. 6). 
Temperature  24°C.  Heated  for 30 Min. at 55°C. 
Time.  0  2  In.  4  In.  8 In. 
Surface tension, dynes ..... ~  ........................  5---~'.2 5-~'-.5  ~  56.7 
Temperature 24°C.  Heated  for 1 Hr. at 55°C. 
Time.  0  2 In.  4 In. 
Surface tension, dynes .................................  ~  ~  ~8.0  ~ 
14 In. 
56.9 
Temperature 24°C.  Heated for 2 Hrs. at 55°C. 
Time•  0  3 m.  5 In.  10 m.  25 In.  55 m. 
Surface tension, dynes ....................  ~  ~  ~  ~  ~  56.1 
Serum stirred after 55 mind surface tension 61.0 dynes. 
The Same Sample, after 20 Hrs.  Temperature 24°C. 
Time.  I  0  ]  2 m.  9 In.  19 in.  34 in. 
Surface tension, dynes  ...........................  [  6-~.0  ]-~-~.  7  --~.0  ~ 
Temperature 24°C.  Heated  for 3 Hrs. at 55°C. 
Time  0  ,0in  .m  ,lb. 
 rcot=  =i  ................. 
Apparently,  at  least  5  hours heating  at  55°C.  were necessary  to 
inactivate  the  sera  completely, although  after  2  hours  the  activity 
was reduced, as  shown by  Table VI  and  Text-fig.  6.  In this case, 
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Effect of Precipitation of Insoluble Substances in the Serum. 
All the sera in which a  precipitation of insoluble substances had 
occurred, in the form of a  coarse colloidal suspension showing a  ten- 
dency to settle out spontaneously after a  few hours standing, were 
devoid of any activity (Table VII).  But if the precipitate was allowed 
to  settle,  after the liquid had been stirred, the surface tension was 
decreased. 
TABLE VII. 
Serum 1059 (Dog; Cloudy; Precipitate in Suspension). 
Temperature 23°C. 
I 
Time.  I  0  2 m.  5 m.  32 m. 
Surface tension, dynes.  .[~  ~  ~  53.6 
When a serum is allowed to dry entirely and is redissolved in plain 
water,  it  still  manifests  the  same  activity,  although  to  a  smaller 
extent (Table VIII and Text-fig. 7). 
Serum 1027 (Dog). 
TABLE  VIII. 
Dried and Dissolved in Water (Text-Fig. 7). 
Temperature 24°C. 
Time. 
Surface tension, dynes ...... 
lh.  2h.  0  2 m.  5 m.  12 m.  27 m.  42 m.  27 m.  50 m. 
58.0  57.2  57.2  56.9  56.1  56.2  56.2  56.1 
Serum 1027, Control. 
Kept at Room Temperature  for 48 Hrs. (23°C.). 
Time.  ~  ~  ~  ~  ~  ~  ~  .;  ~  ~  ~  .~  ~ 
e~ 
~urface ten- 
~on, dynes..  60.0 57.557.0 56.1  55.955.5  55.655.7  56.056.1 56.2  56.5 56.2  56,5 56.5 
Same serum stirred, 58.0 dynes. 
Great  care is  necessary when taking  the  measurements,  for  the 
slightest agitation of the surface causes the film to dissolve, with a 586  SURFACE  TENSION  OF  SERUM.  I 
consequent rise in the surface tension.  The first series of measure- 
ments  was  more  carelessly  done,  and  gave  results  which  did  not 
check  with  the later  ones.  We had  to make  a  set of very  careful 
measurements  in  which  the  liquid  was  absolutely  undisturbed,  to 
I)~eS 
riO J 1027 
Time 0 
\  I 
1  2  3  4:  5  fi 
0  [  2  3  4  5 
7  8  9hrs. 
6  7  8 ~ 
TEXT-FIG. 7.  Surface tension of fresh serum, and  of the same sample dried 
and dissolved in water. 
find  out  the  reason  for such  unaccountable  facts  as  a  spontaneous 
rise after a  drop, such as that  shown in Text-fig. 8. 
Text-fig.  5,  e illustrates  the damping  effect again,  and  also shows 
that  the progressive inactivation is mainly function of the time and 
5g 
56 
55 
54 
Time  0  I 
!  2  3  4  5  6  he3. 
TExT-FIG. 8.  Spontaneous rise in surface tension of serum after a fail.  The 
rise after 40 minutes and after 6½ hours was due to the careless handling of the 
watch-glass containing the serum. 
is but little  affected by stirring.  It illustrates  also  the progressive 
increase--reverse phenomenon--which  takes place after each stirring, 
when precipitation has occurred in the serum.  This is probably due, 
as pointed out elsewhere, to the formation of a membrane or semisolid 
film in the surface layer (see also Text-fig. 5, d). P.  LECOM'TE  Du  NOOY  587 
II. 
DISCUSSION ° 
The  hypothesis  of  surface  coagulation,  or  the  formation of  an 
homogeneous solid film, does not seem to us to account for any of the 
phenomena studied.  First, there is no sign, optically, of such a film. 
Moreo~'er,  a  solid  film  would  increase,  rather  than  decrease,  the 
surface tension; and  finally, it would not account for the damping 
of the phenomenon, in function of the time.  Besides, by very light 
stirring the tension rises again, and most of the  sera  experimented 
upon remained perfectly clear, although their viscosity increased, even 
after 48 hours. 
An  objection  may  be  made  that  temperature  and  evaporation 
(concentration) play a part in this phenomenon.  But a  decrease in 
temperature, which actually occurs as soon as a liquid is spread over 
a larger surface, would mean an increase in surface tension, whereas 
we  observe the  opposite.  Concentration following evaporation re- 
quires a good deal of time; after 20 minutes, samples were tested by 
measurements of their cryoscopic point and did not show any marked 
concentration.  As the phenomenon usually takes place in less than 
15 minutes, it may be concluded that it can only be affected by  the 
change in the concentration of the surface layer.  With highly con- 
centrated sera, evaporated in vacuo and reduced to one-third of their 
original volume, the figures were practically the same. 
A  few hypotheses are hence possible.  Either the drop in surf.ace 
tension is due to a  chemical change and adsorption of the resulting 
substances in the surface layer, or to an adsorption of bodies generated 
or contained in  the  bulk, or  else  to  modifications in  the  arrange- 
ment of the group molecules in the surface layer, or possibly to a  com- 
bination of these causes.  Without making any attempt  to  discuss 
the structure of the surface layer,  the facts may be accounted for in 
the  case  of  the  first hypothesis by assuming that the huge, fragile 
protein molecules begin to disintegrate and yield substances acting on 
surface tension as soon as they are no longer entirely surrounded by 
others in the liquid, on account of the change in potential energy.  In 
the process of breaking down, they may also  liberate  progressively 588  SURFACE  TENSION  OF  SERUm.  I 
other molecules, the accumulation  of which would inhibit the phenom- 
enon by concentrating in the surface layer and decreasing definitively 
the surface tension. 
But it is not necessary to assume that the substances which lower 
the surface tension are produced in the surface layer.  Indeed, the 
reaction occurs as if these substances came slowly from the bulk of 
the  liquid.  An  exceedingly slight  change in  the  concentration of 
certain substances in the serum could explain the facts.  But there 
must be some chemical change to account for the damping effect, and 
for the inactivation, unless it is attributed to adsorption by colloidal 
particles.  This being plainly a  case of adsorption, let us  consider 
what the differences are between this phenomenon and the ordinary 
phenomenon of adsorption. 
In 'the ordinary case of adsorption, when a substance lowering the 
surface tension is added to the liquid the value for the surface tension 
corresponds  to  the  concentration.  Equilibrium  is  usually  rapidly 
established with respect to the quantity adsorbed in the surface layer 
in excess of the quantity in the bulk, and the surface tension may reach 
a very low value. 
In the present case, on the contrary, all constituents are coexistent, 
so that, at first sight, the concentration seems constant, as the sub- 
stance lowering the surface tension exists normally in the serum.  But 
either a  reaction or a migration takes place in function of the time, 
which progressively changes the ratio of concentm~eions between the 
bulk and the surface layer.  From 10 to 20 minutes are required to 
reach the equilibrium, which takes place generally between the limits 
53 and 56 dynes, never below 53. 
In the ordinary case of adsorption, the time taken for attainment 
of equilibrium is shortened by shaking.  In the case of serum, con- 
versely, shaking stops the process, destroys the film, and brings back 
the original surface tension, almost to its former  value.  The time 
required  for  attainment  of  equilibrium  is  not  shortened,  but 
lengthened. 
Why substances lowering surface tension remain adsorbed in the 
surface layer, instead of remaining in the bulk as do the bodies which 
raise surface tension, is theoretically accounted for by the dynamical P. LECOMTE  DU NOOY  589 
theory of solutions, as developed mainly by Gibbs  5 and Thomson.  6 
It may be of interest to the reader to recall this theory briefly. 
The most stable arrangement of any solution must be one accom- 
panied by minimal surface  tension.  This follows from the simple 
study of Gibbs' equation: 
g~  gp 
(I)  c~  -  - .~ 
in which u  is the quantity adsorbed, p  the osmotic pressure, c  the 
concentration, and 7  the surface tension.  For dilute solutions, the 
osmotic pressure is given by the equation 
(2)  p- Rr 
in which R is the constant of gases and T  the absolute temperature. 
Therefore, 
(s)  @ = Rr~c 
By introducing this value in (1), 
(4)  .  =  RT  dc 
As stated above, u is precisely the adsorption; that is, the difference 
between the concentrations of the surface layer and the bulk.  It is 
called positive when the concentration in the surface layer is greater, 
and negative when it is smaller than in the bulk.  d~ is the differen- 
tial coefficient of the function connecting surface tension and concen- 
tration, and is positive if 7 and c increase together and negative if 
decreases with increasing c.  Therefore,  the whole product on the 
right hand of the equation will be negative in the first case (when the 
solute increqses surface tension) and positive in the second (when the 
solute reduces surface tension).  This means a  lower concentration 
in the surface layer (smaller amount adsorbed, u) in the former case, 
and a  higher concentration in the surface layer in the latter; R,  T, 
s Gibbs, W., Tr. Conn. Acad., 1878, iii, 380; Scientific papers, London, 1905. 
8  Thomson, J. J., Applications  of dynamics to physics and chemistry, London, 
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and c being  necessarily  positive,  the  sign  of u  depends  only  on 
d-t 
that  of ~¢. 
This  explains why Gibbs'  law is  often given under the following 
form.  A small amount of dissolved substance may reduce the surface 
tension considerably, but can only increase it slightly. 
It is possible to account not only for the decrease in surface tension 
represented by the first curves, but also for the damping of the phe- 
nomenon, by assuming  that some kind of chemical or physicochem- 
ical change is undergone by the substances in solution in the serum, 
in function of the time.  The action of these substances, which would 
accumulate slowly,  would  be  superimposed  on  that  of  the  bodies 
acting normally, and would progressively lower the initial value of 
the surface tension.  The presence of these new substances, whatever 
they are, would forcibly change the physicochemical qualities of the 
serum.  Hence the curve representing this second stage of the phenom- 
enon is  slightly modified.  The rate of the lowering of surface ten- 
sion is slower, owing probably to the increased viscosity of the serum 
with time.  When ten stirrings are made within 100 minutes, followed 
by a lowering of surface tension, the  change in  the curves, that is, 
in the rate of decrease, is not very different from that which would 
have been obtained had the serum been stirred only once at the end 
of the 100 minutes.  Time acts more efficiently than stirring. 
When a serum becomes old, precipitation occurs in the surface layer 
where the concentration is higher, and insoluble substances are made 
out  of soluble  ones.  These  ultramicroscopic particles  agglomerate 
little by little into larger ones, until they are so heavy that they pre- 
cipitate.  They have a  tendency to transform the surface layer into 
a  semisolid,  semiliqnid  layer  with  higher  surface  tension  (Experi- 
ment  1059,  Table  VII).  In  order  to  prevent  confusion  we  shall 
refer hereafter to the reaction which takes place for the first time, 
as soon as the serum is exposed to the air, as the first reaction.  After 
the first stirring, it will be the second reaction, and so on.  There is 
no doubt that one reaction takes place as soon as the blood is removed 
from the body, and another every time the serum is poured from one 
tube to another.  But in such cases, the surface exposed is small and 
when not moved is protected by the first film formed.  Besides, we P.  LECOMTE  Du  lqO~J'Y  591 
must arbitrarily choose a  starting point, and mathematical study of 
the phenomenon shows that our assumption is probably correct. 
m. 
Mathematical ExpreSsion of the  Phenomenon. 
An attempt was made to establish a  general equation on a  purely 
empirical basis,  which would express  the phenomenon inall  cases, 
before and after stirring, with only one coefficient.  We found that 
the exponential formula 
(5)  ~, ~  ~oe- Ktt 
expressed the facts very closely (in the case of dog and rabbit serum), 
until the phenomenon became asymptotic to  a  parallel  to  the axis 
of time, the ordinate of which is generally around 55.5 dynes.  After 
10 to 20 minutes, the curve becomes parallel to the axis  of time and 
the  phenomenon stops.  This  fact  may  be  expressed,  if  required, 
simply by the addition of a  linear term to formula (5).  We have, 
then, 
(6)  ~t -  roe -Kt½  -4-  At -  B 
t being the time, •  the surface tension at  the time t, % the surface 
tension at the beginning of the experiment, K, A, and B  three con- 
stants.  In fact, the constants A and B do not modify the law, and the 
corrective term is only required for the first reaction.  After stirring, 
the first  simple formula  (5)  suffices  to  account for  the facts  with 
close agreement practically to the point when equilibrium is attained. 
Indeed, the phenomenon is characterized by only one constant,  K, 
generally equal to 0.01, for average old dogs; B is equal to 1.6 (in the 
example chosen--Serum 1020, Table X), and A  to 0.1. 
There may be other equations by means of which this law can be 
expressed~  as always occur in cases of logarithmic curves.  But the 
advantage of this exponential form is that it requires only one con- 
stant, the meaning of which is clearer, and that it is short and, as is 
well known, very easy to calculate under the form 
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Tables IX and X  show the agreement between observed and calcu. 
lated figures.  The two curves in Table X  were calculated with the 
simple formula (5).  It will be noticed that the constant K decreased 
rapidly after each stirring, indicating that the serum becomes satu- 
rated, or inactivated, after a  certain time. 
TABLE  IX. 
Serum 1028 (Dog). 
First Reaction. 
K  = 0.01 
Time.  0  2m.  4m.  6m.$s.  16m.  20m.  40m. 
Surcfacetensionobserved,  dynes ..... 5-~3 s-~-215-~515-~015-~715-~-71  ss.7 
"  calculated, dynes ....  57.3  [  56.6[  56.0155.7  [  55.7  I  55.7 
These figures are obtained from the 16th min. on, with the complete formula (6). 
C  =  0.17 and A  =  1. 
Second Reaction; Stirred after 30 Min.  (Text-Fig. 4). 
K  = 0.005 
.......  Time.  I  0  I  2m.  [  7m.  12m. ] 22m. 
Surface  tension  observed,  dynes  ..................  I 59.0  [ 58.0  [ 57.1  [ 56.7  [ 56.1 
....  calculated,  dynes  .................  [  I SSllS721  S6.7  ]  S6.0 
Third Reaction; Stirred after 24 Hrs.  (Text-Fig. 4). 
K  --- 0.00325 
Surface tension observed, dynes ..................  58.2  57.6  57.3  [ 57.0  56.9 
....  ~Icul~ted, ~y.~ .................  I  I sT.6j  57.3  1 sT.o  156.8 
The progressive decrease in surface tension after each stirring is 
shown  again  in  Text-fig.  5,  a.  As stated  before, this phenomenon 
seems to happen only when there is no precipitation in the liquid; 
as soon as a certain amount of precipitation has taken place, the sur- 
face tension, after stirring, rises higher than its former values. 
It may seem very premature to try to apply any theoretical formula 
to  this  phenomenon,  considering  the  enormous  complexity of  the P.  LECOMTE  DU  NOSY  593 
liquid studied,  of whose constitution we are so ignorant.  However, 
an interesting fact leads us to believe that it may some day be done 
successfully.  As already noted this phenomenon is one of adsorption 
in the surface layer.  Mere reasoning makes this dear.  But a com- 
parison of one of our curves with a  curve obtained by Lewis  7 for the 
adsorption of sodium glycocholate by a surface of paraffin oil shows a 
TABLE  X. 
Serum 1020 (Dog under I  Yr. of Age). 
K  = 0.0065 
Time.  I  0  .....  2m.  I  6m.  12m.  I 20m.  I  25m. 
Surface tension observed, dynes ............  [ 59.6 [ 57.5 [ 56.9 [ 56.1 [ 55.5 [ 55.5 
"  "  calculated,  dynes  ........... [  I 57.7 I 56"9156'01  55"31 55.3 
In this case, the coetficient is much smaller. 
Serum 1022 (Old Dog). 
K  = 0.01 
.......  Time.  0  2 m.  6 m.  16 m.  25 m. 
Surface tension observed,  dynes ..................  161.11  590 I 57.8156.0155.6 
"  "  calculated,  dynes  ......  : ...........  [  159.0157.751  558  I 
remarkable  identity  despite  the  entirely  different  conditions  (Text- 
figs. 9  and  10).  A  few formulas have been given for expressing  the 
phenomenon of adsorption in function of the quantity adsorbed and 
of the concentration.  It is clear that  they could not be used in our 
case.  Among these we may mention the formula quoted by Duclaux 8 
and that of Freundlich, 9 inaccurate at higher concentrations as shown 
by Schmidt, 1° who gives a  rather  complicated exponential  formula  u 
Lewis, W.  C.  McC.,  Proc.  Physic.  Soc.,  1909, xxi, 150; Phil.  Mag.,  1909, 
xvii, 466; Z. Chem. u. Indust.  Kolloide, 1909, v, 91; also cited by Willows, R. S., 
and Hatschek,  E.,  Surface tension and  surface  energy, and  their  influence on 
chemical phenomena, Philadelphia,  1915, 41. 
s Duclaux, J., Les colloides, Paris, 1920, 148. 
9 Freundlich,  H., Kapillarchemie: Eine Darstellung  der Chemie der KoUoide 
trod verwandter Gebiete, Leipsic, 1909, 146. 
to Schmidt, G. C., Z. physik. Chem., 1910, lxxiv, 699. 
tt Schmidt, G. C., Z. pkysik. Chem., 1911, lxxvii, 641. 594  SURFACE  TENSION  OF  SERUM.  I 
with  two  constants.  This  equation  applies  well  to  the  adsorption 
of liqu/ds by solids, and Arrhenius  is has pointed  out that it could be 
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by paraffin oil ('LeMs; adsorption isotherm). 
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T~xzoFxO.  I0. Action on surface tension of adsorption in the surface layer 
of  serum. 
simplified.  A  formula in function  of surface tension  was given by 
Sentis  is in 1897, and another by Valson in 1872.14  The last two only 
lS Arrhenius,  S.  A.,  Conffirences  sur  quelques  th~mes  choisis  de  la  chimie 
physique, Paxis,  1912, 31. 
is Sentis, Recueil de constantes physiques, Paris,  1913,  122. 
14 Valson, cited by Morgan, J. L. R., and McKirahan, W. W., 3. Am. Ct~m. 
Sot., 1913, ~v,  1759. P.  LECO~T~. Du ~ot~  59S 
apply to inorganic salts, which raise the surface tension and therefore 
are not adsorbed in the surface layer.  Of course, the curve of Lewis 
is not drawn in function of the time, but in function of the concen- 
tration of the solution.  In our case, the concentration is constant, 
but we can admit that the relative concentration is proportional to the 
time, since the solute which lowers the surface tension is either formed 
in the free surface layer as soon as it exists, or travels through the 
bulk to it, in function of the time. 
The perfect identity of the curves is emphasized by the fact that 
the new equation (5), which we proposed for the phenomenon studied 
in this paper, applies  remarkably well to that of Lewis  (Table XI). 
This  gives a  greater character of generality to  this  formula, which 
TABLE  XI, 
Agreement  between Figures  Observed and  Calculated for  tke  Lowering  of Surface 
Tension at the Interface between a Solution of Sodi~ra Glycockolate and 
Paraffin Oil, in Function of the Concentration (Text-Fig. 9). 
K  = 0.222 
........  Concentratlon,  percenl.  I  o  I  o.,  I  o.2  I  o.s  [  o.,  I  o.s  o.6 
Surface  tension  observed  (Lewis),  I  I  ]  ]  l  l  l 
dynes  ..........................  } 34.0  ] 21.0  ]  16.5  I  14.0  } 12.2  } II.0  ] 10.9 
Surface tension calculated  ]  ]  ]  ]  ]  ]  } 
(~' =  ~/o e-KCt),dynes ...........  I  [20.2  I 16.5  I 14.0[  12.2[  10.9  I  9.7 
may be  applied  to  the  phenomenon studied  by  Traube,  1~  Lewis,  7 
Donnan  and  Barker,  TM  Langrnuir,  1~  and  others, simply by changing 
t to c; namely, 
(8)  ~  =  % e-  ~ct 
Toward the end of the curve, it becomes parallel to the abscissa 
of ordinate 10, as a state of equilibrium is attained, and, for the same 
reasons as expressed above,  the calculated data deviate from those 
observed (Text-fig. 9). 
t~ Traube, J., Kolloidckera. Beikefle,  1911-12, iii, 237. 
t5 Donnan, F. G., and Barker, J. T., Proc. Roy. Soc. London, Series A, 1911, 
lxxxv, 557. 
IT Langmuir, I., a  r. Am. Chem. Soc., 1917, xxxix, 1848. 596  SURFACE  TENSION  OF SERUM.  I 
Besides, as the measurements of Lewis were made with the drop 
weight method, it shows that the method used in our experiments on 
colloidal substances is as reliable as the most accurate and time-con- 
suming methods used by Lewis. 
To give an idea of the order of magnitude of the excess of concen- 
tration in the surface layer, since we cannot measure u  directly, we 
may use Gibbs'  formula tentatively, without laying emphasis upon 
the figures given here.  Assuming the total concentration in the bulk 
of a  serum to be 9.9 per cent after 1 minute  (electrolytes and non- 
electrolytes), and referring to the formula 
c  d~ 
RT  & 
we  have  the  ,~alues 
^^.o  d~  dq'__2 
¢  =  9.9;  R  =  83.2 X  10e;  2" =  zg~  ;d-~c =  d-'~" 
d~ 
dc  -  the tangent of the angle of the tangent to the point of abscissa 1 
with the axis of the absclssa~. 
u  =  0.81  X  10  -7 grn.  per  sq.  cm. 
The  free surface being about  10  sq.  Cm., it  gives  a  total  amount, 
1 
roughly, of 1,000,000  gin.  of  substance  adsorbed  in  the  surface 
layer; but as we deal with  colloidal solutions,  this figure is  almost 
certainly wrong. 
As a  point of comparison, it may be said  that for sodium glyco- 
cholate Lewis  found  experimentally that u  =  3.6  ×  10  -6 instead of 
about  1.0  ×  10  -7, the  theoretical value;  and  Donnan  and  Barker, 
using nonylic acid as solute,  obtained for u, 0.95  X  10  -7,  instead of 
0.55  ×  10  -7, calculated. 
We  must  not  forget  that  the  theoretical  values  of u  (quantity 
adsorbed) in certain cases were twenty to thirty times  smaller  than 
the experimental values.  This may be due partly to great difficulties 
in the technique.  The discrepancy is still more marked for colloidal 
substances.  Langmuir  17  has  insisted  upon  the  differences existing 
between theoretical and experimental data. 
Further experiments are now being carried out on this subject. P. LECOMTE  DU NOOY  597 
CONCLUSIONS. 
1.  Over 3,000 measurements of surface tension of sera have been 
made with the ring method, and they have yielded a new phenomenon, 
the spontaneous and rapid decrease of the surface tension of a serum 
in function of the time. 
2.  Generally, after 10 minutes the surface tension reaches a value 
which is practically constant.  At least,  the decrease is very much 
slower.  After stirring, a rise occurs and a similar phenomenon takes 
place; but stability is  not obtained as  rapidly,  requiring about  25 
minutes.  By stirring again, the same thing happens repeatedly, the 
slope of the curve being less marked each  time, the rise in surface 
tension being slightly below each previous value, and the phenomenon 
undergoing a sort of damping. 
3.  An equation was established which expresses the experimental 
facts with an accuracy of about 0.2 per cent.  It applies to the whole 
phenomenon, before and after stirring.  It has only one characteristic 
constant, 
-- Kj~ 
7  =  7oe 
This formula, by simply changing t  to c  (concentration), expresses 
satisfactorily in general the phenomenon of adsorption in the surface 
layer; that is, the decrease in surface tension in function of the con- 
centration. 
4.  Prolonged  heat,  at  55°C.,  and  time  seem  to  inhibit  this 
phenomenon. 
5.  When precipitation occurs in a serum, the bottom of the liquid, 
which contains the precipitate, has the highest surface tension.  When 
stirred, the surface tension Hses a little every time.  The upper part, 
clear,  with  lower  surface  tension,  shows  the  reverse  phenomenon; 
after every stirring, the surface tension becomes a  little lower. 